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1

MECHANISM FOR ASSEMBLING SPLIT
SEAL RINGS

RELATED APPLICATIONS

This application 1s a national phase application of PCT
application No. PCT/US2018/013131 with an international
filing date of Jan. 10, 2018. PCT application No. PCT/
US2018/013131 claims the benefit of U.S. Provisional
Application No. 62/445,2°76, filed Jan. 12, 2017. Both of
these applications are herein incorporated by reference in
their entirety for all purposes.

FIELD OF THE INVENTION

The 1nvention relates to mechanical shatt seals, and more
particularly, to split end face mechanical shaft seals.

BACKGROUND OF THE INVENTION

Mechanical shait seals are used on a wide variety of
machines, including pumps and the like, having rotating
shafts that pass through housings. Typically, the mechanical
seal 1s disposed 1n surrounding relationship to the shatt and
creates a seal between the shait and the housing by bringing
two parallel, annular seal faces 1nto sliding physical contact,
where one of the seal faces 1s part of a stator seal ring fixed
to the housing and the other seal face 1s part of a rotor seal
ring that 1s rotationally fixed to the shait. Normally, at least
one of the seal rings (usually the stator ring) i1s axially
slidable, and a positive pressure 1s maintained between the
seal faces by a spring or other mechanism that presses the
slidable rng toward the other ring. The seal rings are
generally made from wear resistant materials such as silicon
carbide. Nevertheless, the seal faces wear over time and
require replacement.

Since 1nstallation or replacement of mechanical seals
employing one-piece ring members 1s an extremely time
consuming and complex operation, numerous assemblies
with split ring members have been developed to facilitate
installation and repair. Typically, the split ring members are
formed by splitting one-piece ring members.

FIG. 1A 1s an 1illustration of a typical rotor split ring seal
assembly 100, which includes a split seal ring 102 and
corresponding split housing 104, as well as split elastomeric
gaskets 106 that form seals between the split seal rning 102
and the housing 104, and between the housing 104 and a
shaft (not shown) when the two halves of the assembly 100
are brought together. When assembled, the two halves are
held together by bolts (not shown) that are inserted through
holes 108 provided in the housings 104. Similar configura-
tions apply to stator split ring seal assemblies.

While split ring seal assemblies 100 are recognized to
possess highly desirable advantages, significant challenges
frequently arise when reassembling them. Assembly of the
two halves of a split ring seal assembly 100 typically
involves installing the two seal ring halves 102 1n corre-
sponding half-sections of the housing or gland 104, which
surrounds the shaft. As the two halves of the housing 104 are
bolted together, the ends 110 of the split ring halves 102 are
simultaneously pressed together.

One significant challenge when assembling a split ring
seal 100 1s to maintain the radial and axial alignment of the
ends 110 of the split seal rnng halves 102 with each other as
they are brought together. Typically, the seal 100 1s engi-
neered to maintain a gap between the rotor and stator sealing,
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alignment of the ends 110 of the split seal ring halves 102
will significantly increase process emissions and seal face

wear. The most common approach i1s to simply rely on
maintaining the split ring halves 102 rigidly in place in the
housing sections 104, and then to use alignment features of
the housing halves 104 to align the split ring halves 102.
Unfortunately, this method 1s often insuflicient.

Another approach 1s to configure the ends 110 of the split
seal rings halves 102 with structural features that essentially
“self-align™ the ends 110 of the split ring halves. A solution
of this type 1s disclosed in co-pending, related application
U.S. 62/3935,576, included herein by reference for all pur-
poses, of which the first-named inventor of the present
application 1s a co-inventor.

With reference to FIG. 1B, another significant challenge
during assembly of a split-ring seal 100 arises from the fact
that a split O-ring or similar split elastomeric sealing mem-
ber 106 1s typically located directly adjacent to the split ring
halves 102, for example to form a seal between the seal ring
102 and the housing 104 and/or (1n the case of a rotor seal
assembly) between the housing 104 and the shait. Due to the
clastomeric nature of this sealing member 106, the ends
thereof typically extend beyond the ends 110 of the split ring
102, such that as the split seal 100 1s assembled, the ends of
the elastomeric sealing members 106 meet and are com-
pressed together before the ends 110 of the split ring 102
come 1nto contact with each other, thereby causing a slight
expansion in the widths of the sealing members 106. As a
result, the O-ring or other elastomeric sealing member 106
can sometimes expand into the gaps 112 between the ends
110 of the split rings 102, thereby interfering with the proper
alignment and closure of the seal ring halves 102.

Typically, when this happens it 1s necessary to disas-
semble and reassemble the split seal, possibly more than
once, until by chance this intrusion of the sealing member
between the ends of the split ring 1s avoided. However, this
can be a frustrating and time-consuming process.

What 1s needed, therefore, 1s an improved split seal design
that maintains alignment of the split seal nng halves during
assembly of the split seal while preventing an adjoining split
clastomeric sealing member from interfering with closure
and alignment of the split seal ring halves due to expansion
of the elastomer into the space between the ends of the split
seal ring halves.

SUMMARY OF THE INVENTION

An 1mproved seal nng advancing mechanism and split
ring seal assembly design are disclosed that prevent an
adjoining split elastomeric sealing member from expanding
into the space between the ends of the split seal ring halves
and interfering with closure and alignment of the split seal
ring halves.

The disclosed seal-advancing mechanism includes a tlex-
ible alignment component that advances at least one of the
halves of the split seal ring radially inward, so that the ends
of the split ring halves are brought into contact with each
other before the ends of the split elastomeric sealing mem-
ber, thereby preventing the elastomer from entering a gap
between the ends of the seal ring halves when the elastomer
1s subsequently compressed. As the housing and other com-
ponents of the split seal are brought together, the flexible
alignment component 1s flexed, so that the two halves of the
split seal ring remain 1n a fixed, joined relationship while the
two halves of the remainder of the split ring seal assembly
are moved radially inward toward each other until they are
also mated together.
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In embodiments, each half of the split ring seal assembly
includes a flexible alignment component, so that during
assembly the two halves of the split seal ring are advanced
toward each other symmetrically. In some embodiments, the
spring-like component i1s a bendable bracket. In other
embodiments, the spring-like component 1s a conventional
spring, such as a coil spring or a leaf spring.

In some embodiments, the spring-like component 1s per-
manently installed as a component of the split ring seal
assembly, while in other embodiments 1t 1s removable after
the split ring seal assembly has been fully assembled.

A first general embodiment of the present invention 1s a
split ring advancing mechanism for assembling a split ring
seal assembly that 1s radially distributed about a central axis
thereot, where the split ring seal assembly includes a hous-
ing that 1s split into first and second housing halves, and a
seal ring that 1s split 1nto first and second split ring halves,
the first and second housing halves including respective first
and second ring seat halves into which the first and second
split ring halves can be respectively seated, the split ring seal
assembly further including an elastomeric sealing member
split 1into first and second elastomeric halves that form seals
respectively between the first ring half and first housing half,
and between the second ring half and the second housing
half. According to this first general embodiment, the split
ring advancing mechanism includes a flexible alignment
component attachable to an exterior of the first housing half
and configured to shiit the first split ring half radially inward
while the first split ring half remains axially seated in the
first ring seat half, so that ends of the first split ring half
extend circumierentially beyond corresponding ends of the
first elastomeric half, the flexible alignment component
being flexible so as to allow the first split ring half to move
radially outward into a radially seated configuration as the
first and second housing halves are assembled.

A second general aspect of the present imvention 1s a
mechanism configured as a split ring seal assembly. The
mechanism includes a seal ring that i1s split into first and
second split ring halves, a housing that 1s split 1nto first and
second housing halves, the housing halves including respec-
tive first and second ring seat halves into which the seal ring
halves can be respectively seated, an elastomeric sealing
member split into first and second elastomeric halves that
form seals respectively between the first ring half and first
housing half, and between the second ring half and the
second housing half, and a split ring advancing mechanism
comprising a flexible alignment component cooperative
with the first housing half and configured to shift the first
split ring half radially inward while the first split ring half
remains axially seated 1n the first ring seat half, so that ends
of the first split ring half extend circumierentially beyond
corresponding ends of the first elastomeric half, the tlexible
alignment component being flexible so as to allow the first
split ring half to move radially outward into a radially seated
configuration as the first and second housing halves are
assembled.

In either of these general aspects, the flexible alignment
component can be removable from the first housing half
alter assembly of the first and second housing halves.

In an preceding embodiment of either of these general
aspects, the flexible alignment component can include a base
that 1s attachable to an exterior of the first housing half, a
flexible neck extending upward from the base, and a head
that 1s configured to push radially inward against an outer
rim of the first split ring half. In some of these embodiment,
the head includes a projection that 1s configured to extend
over a top of the first split ring half and thereby maintain the
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first split ring haltf axially seated in the first ring seat hallf.
And 1 any of these embodiments, the head can include a
beveled front surface configured to press the first split seal
ring half simultaneously in a radially inward and an axially
downward direction. In any of these embodiments, the head
and neck can be split vertically into two halves. And 1n some
of these embodiments, one of the two halves of the head 1s
configured to maintain the first split ring half axially seated
in the first ring seat half while the other of the two halves of
the head 1s configured to push the first split seal ring half
radially inward.

In either of the first and second general aspects, including,
embodiments where the flexible alignment component is
removable from the first housing half after assembly of the
first and second housing halves, the flexible alignment
component can extend within a space between an outer rim
of the first split seal ring half and an mner wall of the first
ring seat half. In some of these embodiments, the flexible
alignment component 1s a coil spring. In other of these
embodiments, the flexible alignment component 1s a vertical
leat spring. In still other of these embodiments, the flexible
alignment component 1s a horizontal leaf spring.

Any of the preceding embodiments of either of the two
general aspects can further include a second flexible align-
ment component cooperative with the second housing half.

In any of the preceding embodiments of either of the two
general aspects, the split ring seal assembly can be a rotor
split ring seal assembly or a stator split ring assembly.

The features and advantages described herein are not
all-inclusive and, 1n particular, many additional features and
advantages will be apparent to one of ordinary skill 1n the art
in view of the drawings, specification, and claims. More-
over, 1t should be noted that the language used in the
specification has been principally selected for readability
and 1nstructional purposes, and not to limit the scope of the
inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s an upper perspective view drawn to scale of
separated halves of a split ring seal assembly according to
the prior art;

FIG. 1B 1s an upper perspective view drawn to scale of the
split ring seal assembly of FIG. 1A shown partially
assembled;

FIG. 2A 1s an upper perspective view drawn to scale of
separated halves of a split ring seal assembly 1n an embodi-
ment of the present invention;

FIG. 2B 1s a side perspective view drawn to scale of one
half of the split ring seal assembly of FIG. 2A, shown 1n a
pre-assembled configuration;

FIG. 2C 1s an upper perspective view drawn to scale of the
split ring seal assembly of FIG. 2A shown partially
assembled;

FIG. 3A 1s a side perspective view drawn to scale of a
flexible alignment component in an embodiment similar to
FIG. 2A that includes a head with an axially limiting
extension;

FIG. 3B 1s a side perspective view drawn to scale of a
flexible alignment component in an embodiment similar to
FIG. 2A that includes a head with a beveled pushing edge;

FIG. 4A 15 a perspective sectional view drawn to scale of
a split seal ring assembly 1n an embodiment of the present
invention that includes the flexible alignment member of
FIG. 3A, shown 1n a pre-assembled configuration;
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FIG. 4B 1s a perspective sectional view drawn to scale of
the split seal ring assembly of FIG. 4A, shown in an

assembled configuration;

FIG. 5A 1s a perspective side view drawn to scale of a
flexible alignment member 1n an embodiment of the present
invention for which the head 1s vertically split into two
identical halves;

FIG. 5B 1s a perspective sectional view drawn to scale of
a split seal ring assembly 1n an embodiment of the present
invention that includes the tlexible alignment member of
FIG. SA, shown 1n a pre-assembled configuration;

FIG. 6A 1s a perspective side view drawn to scale of a
flexible alignment member 1n an embodiment of the present
invention for which the head 1s vertically split into two
halves that perform diflerent functions;

FIG. 6B 1s a perspective sectional view drawn to scale of
a split seal ring assembly 1n an embodiment of the present
invention that includes the flexible alignment member of
FIG. 6 A, shown 1n an assembled configuration;

FIG. 7A 1s a perspective view drawn to scale of a housing
half included 1n various embodiments of the present inven-
tion;

FIG. 7B 1s a perspective close-up view drawn to scale of
a region of the housing half of FIG. 7A showing a spring-like
component installed therein, where the flexible alignment
member 1s a coil spring;

FI1G. 7C 1s a perspective close-up view drawn to scale of
a region of the housing half of FIG. 7A showing a spring-like
component installed therein, where the flexible alignment
member 1s a bent vertical leal spring; and

FI1G. 7D 1s a perspective close-up view drawn to scale of
a region ol the housing half of FIG. 7A showing a flexible
alignment component installed therein, where the tlexible
alignment member 1s a horizontal leaf spring.

DETAILED DESCRIPTION

The present invention 1s an improved seal ring advancing,
mechanism and split ring seal assembly design that prevent
an adjoining split elastomeric sealing member from expand-
ing into the space between the ends of the split seal ring
halves and interfering with closure and alignment of the split
seal ring.

The disclosed seal-advancing mechanism includes a flex-
ible alignment component that advances at least one of the
halves of the split seal ring radially inward, so that the ends
of the split ring halves are brought 1into contact before the
ends of the split elastomeric sealing member, thereby pre-
venting the elastomer from entering a gap between the ends
of the seal ring halves when the elastomer 1s subsequently
compressed. As the housing and other components of the
split seal are brought together during assembly, the flexible
alignment component 1s flexed, so that the two halves of the
split seal ring remain 1n a fixed, joined relationship while the
two halves of the remainder of the split ring seal assembly
are moved radially inward toward each other until they are
also mated together.

FIG. 2A 1s a perspective view from above of a rotor split
ring seal assembly 100 according to an embodiment in
which the flexible alignment components 200 are a pair of
brackets that are attached to each of the housing halves 104
of the split seal assembly 100. As can be seen in the figure,
the split seal ring halves 102 are pushed radially inward
relative to the housing halves 104 by the flexible alignment
components 200 of the brackets, so that the ends 110 of the
split seal ring halves 102 extend beyond the ends of the
clastomeric sealing members 106.
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The structure of the flexible alignment components 200 1n
this embodiment 1s more readily discerned in FIG. 2B,
which 1s a perspective view of one half of the split ring seal
assembly 100 of FIG. 2A shown from the side. It can be seen
in this view that the flexible alignment component 200
includes a rigid base 202 that 1s attached to the side of the
housing 104 by a bolt 208. The flexible alignment compo-
nent 200 further includes a top section or “head” 204 that 1s
positioned against an outer edge of the split seal ring 102
that extends above the housing 104. The head 204 of the
alignment component 200 1s connected to the rigid base 202
by a flexible neck 206.

The effect of the flexible alignment components 200 1s
illustrated 1n FIG. 2C, which 1s similar to FIG. 2A, but which
shows the two halves of the split ring seal assembly 100
having been moved toward each other until the ends 110 of
the split seal rings 102 have made contact. As can be seen
in the figure, the ends of the elastomeric members 106 have
not yet made contact, and so any tendency for the elasto-
meric members 106 to be pressed into the gap 112 between
the split seal ring halves 102 has been avoided.

FIGS. 3A and 3B are side perspective views of flexible
alignment components 300, 302 from two embodiments that
are similar to FIGS. 2A-2C. In the embodiment of FIG. 3A,
the head 304 of the flexible alignment components 300
includes an extension 306 that rests on top of the split seal
ring 102 and holds 1t against the housing 104 while the lower
portion 308 of the head 304 pushes the split ring 102 radially
inward during assembly of the housing halves 104. In the
embodiment of FIG. 3B, the head 306 of the flexible
alignment component 302 1s beveled, so that the split seal
ring 102 1s pressed downward toward the housing 104 as the
housing halves 104 are assembled.

FIG. 4A presents a perspective, sectional view of one half
of a split ring seal assembly 100 that includes the flexible
alignment component 300 of FIG. 3A. In the figure, the
housing halves 104 have not yet been assembled, and it can
be seen that the flexible alignment component 300 has
pushed the split seal ring halt 102 radially forward, such that
the ends 110 of the split seal ring half 102 extend beyond the

ends of the elastomeric members 106.

FIG. 4B 1s a perspective sectional view of the embodi-
ment of FIG. 4A after 1t has been assembled with the other
half of the split ring seal assembly (not shown). It can be
seen 1n the figure that the end 110 of the split seal ring 102
has been pushed back into alignment with the end of the split
housing 104, and that the flexible neck 206 of the flexible
alignment component 300 has been bent back so as to
accommodate this radially outward shiit of the split ring 102
half relative to the housing half 104.

FIG. SA 1s a perspective side view of a flexible alignment
component 500 similar to FIG. 3A, but for which the head
502 1s split mto two halves, thereby increasing the bend-
ability of the flexible neck 506. FIG. 5B 1s a side perspective
view ol the flexible alignment component of FIG. S5A
installed on a housing half 104.

FIG. 6 A 1s a perspective side view of a flexible alignment
component 600 1n an embodiment that 1s similar to FIG. 5A,
except that the two halves 606, 608 of the head 604 of the
flexible alignment component 600 perform different func-
tions. According to this embodiment, one half 606 of the
head 604 extends over the top of the split nng 102 and
maintains its axial position during assembly, while the other
halt 608 pushes the split nng 102 radially inward. The
flexible alignment component 600 1s shown it 1ts “tlexed”
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configuration, whereby only the pushing “halt” 608 of the
head 604 1s bent back by the radially outward shifting of the
split ring 102.

FIG. 6B 1s a side perspective view of the flexible align-

ment component 600 of FIG. 6A installed on a housing half 5

104, shown 1n the assembled configuration with the pushing
half 608 of the flexible alignment component 600 bent back.

In the embodiments of FIGS. 2A through 6B, the flexible
alignment component 1s a tlexible bracket that 1s attachable
to the exterior of the split seal housing 104 and can be
removed after the split ring seal 1s assembled. In other
embodiments, the flexible alignment component 1s internal
to the split ring seal assembly, and 1s not removed after
assembly. In some of these embodiments, the tlexible align-
ment component 1s a conventional spring, such as a coil
spring or a leaf spring. FIG. 7A 1s a perspective view of a
split seal housing 104 shown with the split seal ring 102
removed from its seat 702. The dotted line 700 in the figure
indicates a region that 1s expanded 1n FIGS. 7B through 7D.
The hole 704 in the seat 702 i1s configured to hold an
orienting pin, and 1s included in FIG. 7A primarily as a
reference feature for FIGS. 7B through 7D

FIG. 7B 1s a close-up perspective view of the expanded
region 700 of FIG. 7A 1n an embodiment where the tlexible
alignment component 1s a coil spring 706 that extends
radially inward through a hole 707 in the side wall of the
split ring seat 702. The coil spring 706 pushes the split ring,
102 radially mmward, and then as the split ring seal 1s
assembled, the coil spring 706 1s compressed 1nto the hole
707 within the seat 702.

Similarly, in the embodiment of FIG. 7C, the flexible
alignment component 1s a bent, vertical leaf spring 708, and
in the embodiment of FIG. 7D it 1s a horizontal leafl spring
710. In the embodiments of FIGS. 7C and 7D, as the housing
halves 104 are brought together, the leat springs 708, 710 are
pressed flat against the vertical wall of the seat 702 and fit
into grooves provided 1n the vertical sides of the split rings
102 (not shown). In similar embodiments, grooves for the
leat springs are provided in the vertical walls of the seat 702.

The foregoing description of the embodiments of the
invention has been presented for the purposes of illustration
and description. Each and every page of this submission, and
all contents thereon, however characterized, i1dentified, or
numbered, 1s considered a substantive part of this applica-
tion for all purposes, irrespective of form or placement
within the application.

The mvention i1llustratively disclosed herein suitably may
be practiced 1n the absence of any element which i1s not
specifically disclosed herein and 1s not inherently necessary.
However, this specification 1s not intended to be exhaustive.
Although the present application 1s shown 1 a limited
number of forms, the scope of the mvention 1s not limited to
just these forms, but 1s amenable to various changes and
modifications without departing from the spirit thereof. One
of ordinary skill 1n the art should appreciate after learning
the teachings related to the claimed subject matter contained
in the foregoing description that many modifications and
variations are possible 1n light of this disclosure. Accord-
ingly, the claimed subject matter includes any combination
of the above-described elements 1n all possible variations
thereol, unless otherwise indicated herein or otherwise
clearly contradicted by context. In particular, the limitations
presented 1n dependent claims below can be combined with
their corresponding independent claims in any number and
in any order without departing from the scope of this
disclosure, unless the dependent claims are logically incom-
patible with each other.
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We claim:

1. A mechanism that 1s a split ring seal assembly, the
mechanism comprising:

a seal ring that 1s split into first and second split ring
halves; a housing that 1s split mto first and second
housing halves, the housing halves including respective
first and second ring seat halves into which the seal ring
halves can be respectively seated;

an elastomeric sealing member split into first and second

clastomeric halves that form seals respectively between
the first ring half and first housing half, and between the
second ring half and the second housing half; and

a split ring advancing mechanism comprising a flexible

alignment component cooperative with the first hous-
ing half and 1n contact with the first split ring half to
shift the first split ring half radially inward while the
first split ring half remains axially seated 1n the first ring
seat half, so that ends of the first split ring half extend
circumierentially beyond corresponding ends of the
first ebstomeric half,

the flexible alignment component being flexible so as to

allow the first split ring half to move radially outward
into a radially seated configuration as the first and
second housing halves are assembled.

2. The mechanism of claim 1, wherein the flexible align-
ment component 1s removable from the first housing half
alter assembly of the first and second housing halves.

3. The mechanism of claim 1, wherein the flexible align-
ment component includes a base that 1s attachable to an
exterior of the first housing half, a flexible neck extending
upward from the base, and a head that 1s configured to push
radially inward against an outer rim of the first split ring half.

4. The mechanism of claim 3, wherein the head includes
a projection that 1s configured to extend over a top of the first
split ring half and thereby maintain the first split ring half
axially seated 1n the first ring seat half.

5. The mechanism of claim 3, wherein the head includes
a beveled front surface configured to press the first split seal
ring half simultaneously 1n a radially inward and an axially
downward direction.

6. The mechanism of claim 3, wherein the head and neck
are split vertically ito two halves.

7. The mechanism of claim 6, wherein one of the two
halves of the head 1s configured to maintain the first split
ring hall axially seated 1n the first ring seat half while the
other of the two halves of the head 1s configured to push the
first split seal ring half radially inward.

8. The mechanism of claim 1, wherein the flexible align-
ment component extends within a space between an outer
rim of the first split seal ring half and an 1nner wall of the
first ring seat half.

9. The mechanism of claim 8, wherein the flexible align-
ment component 1s a coil spring.

10. The mechanism of claim 8, wherein the flexible
alignment component 1s a vertical leaf spring.

11. The mechanism of claim 8, wherein the flexible
alignment component 1s a horizontal leaf spring.

12. The mechanism of claim 1, further comprising a
second flexible alignment component cooperative with the
second housing hallf.

13. The mechanism of claim 1, wherein the split ring seal
assembly 1s a rotor split ring seal assembly.

14. The mechanism of claim 1, wherein the split ring seal
assembly 1s a stator split ring seal assembly.
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15. The mechanism of claim 1, wherein the flexible
alignment component 1s not removable from the mechanism
alter assembly of the first and second housing halves.

G e x Gx ex
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